Inspired by the superhydrophobic lotus surface in nature, special wettability has attracted a lot of interest and attention in both academia and industry. In this review, theoretical models and fabrication strategies of superhydrophobic textiles have been discussed in detail. The strategies for constructing fabric surfaces with an anti-wetting property are categorized and discussed based on the morphology of particles coated on the textile fibre. Such special wettability textile surfaces are demonstrated with selfcleaning, oil/water separation, self-healing, UV-blocking, photocatalytic, anti-bacterial, and flameretardant performances. Correspondingly, potential applications have been illustrated for self-cleaning, oil/water separation, asymmetric/anisotropic wetting janus fabric, microfluidic manipulation, and microtemplates for patterning. In each section, representative studies are highlighted with emphasis on the special wetting ability and other relevant properties. Finally, the difficulties and challenges for practical application were briefly discussed.
Introduction
An extremely high water contact angle of nearly 180 was rst reported by Ollivier in 1907 . Such a super-antiwetting surface was fabricated via coating a substrate using soot. 1 The superhydrophobic surfaces with a high static water contact angle (>150 ) and low sliding angle (<10 ) had not received much attention until the report of the "lotus effect" mechanism by Barthlott and Neinhuis in 1997 . 2 This unique property was attributed to the combination of a waxy layer with a low surface energy and a rough structure with protrusions on lotus leaves (Fig. 1) . 3, 4 Since then, research interests on superhydrophobicity have grown tremendously, with numerous studies devoted to mimicking natural plants, Shuhui Li joined Prof. Lai animals and creatures. Great efforts were devoted to the understanding of the relationship between the structures and special wettability of natural creatures and fabricating arti-cial superhydrophobic surfaces. Such superhydrophobic characteristics have been widely explored for self-cleaning, anti-fogging/frosting, oil/water separation, and anti-bioadhesion applications.
Recently, different micro/nanoscale binary structured superhydrophobic surfaces with a high static water contact angle and low hysteresis have opened up new possibilities of applications in industrial and biological elds. [5] [6] [7] [8] [9] [10] Textiles, for example, are intrinsically porous, rough, exible and hydrophilic. At the as-fabricated state, they absorb both water and oil. 11, 12 For apparent reasons, it is desirable to modify the hydrophilic textile with low surface energy materials in order to overcome the intrinsic weakness for a number of applications.
It would require unique micro/nanostructures inspired by nature to enable special wettability for the textile industry. Cloths with oil-water separation are valuable to combat the problems caused by oil spill accidents. 13, 14 Moreover, other novel multifunctional applications for superhydrophobic textiles started to merge, including UV-blocking, photocatalytic, ame-retardant, asymmetric superhydrophobic/ superhydrophilic, and stimuli-responsive. These represent potentially high value-added textiles that can be realised by relatively simple chemical treatment. However, there are potential issues for the health and safety of the workers and consumers during processing and usage. Thus, attention should be paid to research on environmentally friendly preparation methods, as well as durability and mechanical stability of the textiles. 
Characterization of superhydrophobic surfaces
Generally, the surface with static water angle q CA > 150 and sliding angle q SA < 10 is dened as superhydrophobic.
However, the denitions of the hydrophobic state are divided into two camps. One believe that the solid surface with a contact angle q CA > 90 was considered as hydrophobic according to
Young' equation. The other view by Volger et al. suggested that a CA of 65 divides solid materials into hydrophobic and hydrophilic using a surface force apparatus supported by ancillary techniques. 15 Specically, attractive forces appeared when two planes exhibited a water CA > 65 . In contrast, repulsive forces were detected between surfaces with q < 65 .
This result clearly demonstrates that the new division of hydrophilicity and hydrophobicity should be 65 rather than 90 when considering the chemical and structural states of water droplets. Similar to this research, Jiang et al. found that an angle of 62.7 could distinguish hydrophilicity and hydrophobicity aer investigating the apparent and intrinsic CA of many polymeric materials. 16 Therefore, the two general routes to fabricate superhydrophobic surfaces can be summarized as follows: constructing appropriate roughness on the material surface or chemically modifying the material surface to be hydrophobic with a contact angle > 65 .
The simplest method to evaluate a superhydrophobic surface is by visualization with eye. When a ow of water is applied on the substrate surface, an intuitional wetting behaviour and a self-cleaning phenomenon are observed. However, it is essential to characterize the superhydrophobic property quantitatively with precise determination of the static water contact angle (WCA) and contact angle hysteresis (CAH). Notably, superhydrophobic surfaces with a similar water contact angle q CA > 150 can exhibit completely different contact angle hysteresis. 17, 18 To distinguish among the different superhydrophobic states, ve typical wetting states have been dened (Fig. 2a-e 
):
19 totally wetting superhydrophobic surfaces in the Wenzel state, totally air-supporting superhydrophobic surfaces in the Cassie state, the metastable state between the Wenzel and Cassie states (including a "petal" state), surfaces in the micro/ nanostructured two-tier "lotus" state, and a partially wetting "gecko" state. Nature also provides several examples of anisotropic superwettability. For example, water droplets easily roll along the direction parallel to the rice leaf edge but not in the perpendicular direction. 20 Similar to rice leaves, buttery wings (Fig. 2g ) also exhibit anisotropic rolling/pinning superhydrophobic states. 21 In addition to these low-adhesion superhydrophobic examples, some organisms also provide examples of high-adhesion superhydrophobic properties, such as gecko feet (Fig. 2j ).
22-24
Generally, there are three important wetting theories to explain the surface wettability: the Young model, Wenzel model and Cassie-Baxter model. The Young equation assumes that the surface is totally smooth and the static contact angle is determined by the interfacial energies between the solid-vapour phase, solid-liquid phase, and liquid-vapour phase. However, most solid surfaces in reality are rough and this has put a limitation on Young's model in explaining the surface wettability behaviour. Wenzel revised the Young equation and suggested that the real contact area increases on a roughened surface. In the Wenzel state, the liquid is considered to be in complete contact with the rough solid surface so it is difficult for the water droplet to move and roll off the surface due to the larger contact area and stronger adhesion. Subsequently, Cassie and Baxter proposed a heterogeneous contact model where the liquid is on top of the rough surface with air trapped in between. Therefore, a water droplet is easy to move and roll off the surface, which is described as a "slippy" surface. 25 Theoretical analysis has conrmed that the Wenzel state corresponds to a lower energy level. 26, 27 The presence of surface energy between these two states may prevent the spontaneous transition from the Cassie state to Wenzel state, but it is conrmed that the two models can transit from one to the other under specic conditions.
Static water contact angle
Thomas Young was the rst to consider the contact angle of a water droplet on a completely smooth substrate in relation to the interfacial energies acting between solid-liquid (g sl ), solidvapor (g sv ) and liquid-vapour (g lv ) interfaces in the well-known Young's equation:
The equation assumed an ideal state that the surfaces are chemically homogeneous, atomically smooth and the surface wettability is dependent on the chemical composition at the interfaces. However, even for the low surface energy material (e.g., C9 peruorocarbon) modied substrate, the static water contact angle can only reach 105 -118 , 28 which is below the dened superhydrophobic contact angle of 150 . Therefore, the surface roughness is very necessary to fabricate superhydrophobic surfaces. Two different wetting models, including the Wenzel model and the Cassie model, are developed to explain the wetting behaviour of the roughness substrate since the actual surface is not absolutely smooth. In the textile eld, a commonly employed strategy is to construct nano-microroughness using particles and to modify the surface using a low surface energy material. Although many literature studies reported successful attempts for superhydrophobic anti-wetting textile through a novel one-step deposition of a uoroalkylsilane polymer, concerns exist over the stability and durability, as well as the potential toxicity of uorine-containing molecules to the environment. Both the Wenzel model and Cassie model claried the mechanism of wettability on the roughness surface and demonstrated that surface roughness and low surface energy are two equally critical factors for constructing the extreme wetting surface states. The Wenzel and Cassie model equations are given in eqn (2) and (3) respectively:
In the Wenzel state, a liquid droplet is in complete contact with the substrate and the static contact angle is proportional to the contact angle on the at surface and the surface roughness factor (r) (eqn (2)). The surface roughness factor (r) is dened as the ratio of the actual contact area and the projected surface area. In this situation, the surface roughness factor is always larger than one; thus for a hydrophobic surface, the hydrophobic property improves (i.e. the actual contact angle increases) with increasing surface roughness. Moreover, the surface roughness is also benecial to improve wetting by making the contact angle smaller for a hydrophilic state (WCA <  90 ). When water is not able to completely wet the rough substrate surface due to protrusions and recessed areas with trapped air in between, the Cassie model (eqn (3)) becomes applicable. The Cassie model is based on water contact with a composite surface of the solid and air that is trapped into the microgrooves of the rough surface. In eqn (3), f s is the fractional contact area. Based on this equation, the contact angle increases with increasing fractional air-liquid contact dened by (1 À f s ). Therefore, to obtain a superhydrophobic surface, it is very necessary to design fractal dimensions of the rough surface for enlarging the contact area of liquid and air. So altering the surface free energy or fabricating the roughness surface structure or both can achieve a superhydrophobic surface.
Contact angle hysteresis
As stated earlier, the superhydrophobic surface exhibits various dynamic characteristics and can be potentially applied for various applications including self-cleaning, anti-corrosion, anti-biology adhesion, and snow-pinning prevention. The criterion to judge a superhydrophobic surface is not only by the static liquid contact angle, but also the dynamic contact angle. For a dynamic water droplet, there are two contact angles, the so-called advancing contact angle (q Adv ) and the receding contact angle (q Rec ). The difference between them is dened as contact angle hysteresis (CAH). Generally speaking, a true superhydrophobic surface means not only a high static contact angle, but also a low contact angle hysteresis because the low hysteresis ensures easy rolling off of the water droplets, favourable for self-cleaning. Therefore, the contact angle hysteresis is a vital parameter for the characterization of the super-antiwetting surface. The q Adv and q Rec are typically measured using a commercial instrument with a professional and enhanced video microscope system with digital image analysis tools. Two technologies are oen used to measure the contact angle hysteresis, one is the dosing/decreasing method and the other is the tilting plate method ( Fig. 3a and b) . Some signi-cant differences in the results have been reported between the two methods. [29] [30] [31] [32] For example, the advancing angle and receding angles were measured in a Krüss DSA 100 (Germany) optical contact angle instrument. A syringe pump is used to generate a water droplet with controllable amounts. The rate of water pumping through the needle can also be controlled. Aer generating a water droplet, the volume of water droplet is further increased by further pumping water at a very low speed through the needle. At the beginning, the contact area between the water droplet and solid substrate does not change but the contact angle increases with increasing water droplet volume. When the water volume increases to a critical value, the three phase (liquid, solid, and air) contact line begins to move forward. We dene the contact angle before the contact line change as the advancing angle. Similarly, when sucking the water back into the needle at a slow rate, the contact angle is prone to decrease with the decreasing liquid volume. The value of the receding angle is recorded at the point when the contact area begins to change. The nal q Adv and q Rec are recorded simultaneously by a frame grabber using a charge coupled camera. Another method is by using a tilting plate, the tilt angle refers to the critical angle between the substrate and the horizontal surface, above which the droplet starts to move. It should be pointed out that the tilt angle reects, but is not equal to the difference between q Adv and q Rec . 33 
Sliding angle
The sliding angle is empirical data to characterize a specic wettability surface. A low sliding angle is crucial to self-cleaning application. The sliding angle, also known as "roll-off" angle, is the one of the inclinations when the water droplet completely rolls off the surface without an external force. In the experiment, the contact angle measurement instrument is equipped with a tilting plate with a tunable angle from 0 to 360 . The tilt angle is increased continuously from 0 to 90 , and the angle is recorded as q SA when the droplet is sliding away or rolling off the surface. [34] [35] [36] There are mainly two methods to measure the sliding or roll-off angle based on the original state of water droplet contact with the substrate. Typically, a certain volume of water droplets is placed on a solid surface and the tilting plate then begins to tilt at a constant speed (Fig. 3c) . When the water droplet slides or rolls off the surface, the tilt angle is regarded as the sliding angle. In most cases, researchers choose this method to obtain the sliding angle and it is convenient for macroscopically at surfaces. For macroscopically rough surfaces, another technique is adopted, where a water droplet of dened volume is released onto the substrate with a certain height. The critical angle of inclination at which the substrate needs to be tilted until the droplet rolls off the surface is dened as the sliding angle (Fig. 3d) . Several parameters need to be controlled and recorded in this case: the tilt angle of the substrate, the distance between the needle and substrate, the relative distance of the impact point to the lower end of the substrate, and the liquid volume.
Adhesive force
Normally, adhesive force is a direct index to evaluate the liquidsolid adhesion. Compared with the common static contact angle and dynamic sliding angle, there are much less literature studies reporting the adhesive force on the superhydrophobic surface. For the self-cleaning surface such as lotus leaves, well recognized as the Cassie state, water droplets cannot easily rest stable on the surface, demonstrating an ultralow adhesion force between the liquid and the substrate. However, an opposite example is the partially wetted "gecko" feet, which have extremely strong adhesive force that allows it to walk up and down on a vertical wall. Generally, a low adhesion force corresponds to a low sliding angle. The adhesion force of a superhydrophobic surface with a high static contact angle and a low sliding angle should be very small. Reversely, a surface with a lower adhesive force between the water droplet and substrate must exhibit excellent superhydrophobicity. The adhesive force is measured using a high-sensitivity micro-electrochemical balance system (Dataphysics DCAT11, Germany). A metal ring containing a certain volume of water droplets is placed above the sample and the sample table approaches, contacts and nally leaves the metal ring with a constant speed. The maximum force value (break peak point) measured during the sample table leaving process is taken as the value of adhesive force.
Fabrication technologies of superhydrophobic textiles
As discussed above, there are two signicant factors in fabricating a superhydrophobic surface: the appropriate hierarchical structure with durable micro/nanoparticles and a low energy surface. For textiles with a micro-scale bre structure, a common strategy is to coat nanoscale particles onto the bre surface to achieve the micro/nanoscale structure and subsequently post-uorinate the hierarchical structure for the low energy. The most common methods for preparing robust superhydrophobic textile surfaces include physical and chemical approaches, such as dip-coating, [37] [38] [39] [40] [41] [42] [43] [44] [45] [75] [76] [77] [78] [79] [80] These available fabrication technologies will be separately discussed in the following categories: (i) pre-roughening and post-uorinating, and (ii) simultaneous roughening and uorinating (one-pot method).
Pre-roughening and post-uorinating
The pre-roughening and post-uorinating technology is the most common method available to date in preparation of cellulose-based superhydrophobic textile surfaces. Functionalization with nanoparticles or nanolaments or a layer of lm can usually achieve the required roughness. Nanoparticles such as SiO 2 , TiO 2 , and ZnO are oen used to decorate textiles' surfaces to generate a roughness and durable superhydrophobic surface. In addition, some inorganic or organic chemical materials in the form of nanolaments, nanobres and even lm layers are also reported in the literature to fabricate superhydrophobic cellulose-based surfaces. In this section, we will discuss in detail the fabrication technologies based on the formation type (particles, nanolaments, nanobre, and lm) on the textile surfaces.
3.1.1 Dip-coating method. Wang et al.
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fabricated a superamphiphobic fabric with a signicant self-healing effect against both physical and chemical damages via a two-step wet chemical route. As shown in Fig. 4 , the cleaned fabric is immersed in a uoroalkyl surface-modied silica nanoparticle solution for 5 minutes and then coated in uorinated decyl polyhedral oligomeric silsesquioxane (FD-POSS) and uo-roalkylsilane (FAS) solution. The surface of polyester fabric exhibits a distinct protrusion structure aer coating while the pristine polyester fabric surface is smooth. Aer coating, the fabric surface showed considerable liquid repellence to liquids with various surface tension and the CA remained above 150 when the tested liquid has a surface tension greater than 22.1 mN m À1 (Fig. 4d) . The dependency of the SA under constant liquid volume (35 mL) and constant liquid weight (0.35 g) over different surface tension was also investigated, and the results indicated that the SA decreased with the increase of liquid surface tension (Fig. 4e) . Moreover, the excellent wettability was conrmed by observing the contact angle changes on an extended period of time (Fig. 4f) . In addition, the coated fabric indicates remarkable liquid repellence to water and low surface energy liquids including ethanol. Aer 200 cycles of the standard machine laundering process, the static contact angles did not obviously change. This suggests that the coating is durable enough to withstand the physical and chemical actions.
Similarly, Xu et al. 38 successfully prepared an enhanced stability superamphiphobic cotton fabric. In particular, a piece of cotton fabric is immersed in a chitosan aqueous solution to anchor amino groups onto cotton bre. The sample was then deposited with silica nanoparticles. A robust structure was achieved by alternately depositing ormosil clusters onto a chitosan pre-coated cotton surface. Finally, the superamphiphobic cotton fabric was constructed by modifying with 1H,1H,2H,2H-peruorodecyltriethoxysilane (PFDTES) to lower the surface energy. As predicted, the hierarchical structure cotton cellulose surface modication with low surface energy displays excellent anti-wetting properties. The superamphiphobic cotton fabric shows high contact angles of 164.4 , 160.1 , and 156.3 corresponding to water, cooking oil and hexadecane, and the water droplet and cooking oil can easily roll off from the cotton surface due to the extremely low adhesion of the cotton surface coating (Fig. 5b) . Liu et al. 42 reported a novel, highly effective coating strategy using a diblock copolymer consisting of a sol-gel forming polymer and a uorinated block endowing the textiles with high water and oil repellence (Fig. 6 ). Cotton fabric was immersed into the diblock copolymer solution for 1 min. Residue solvents were evaporated with a heating gun and subsequently the samples were annealed at a higher temperature. The water droplet, pump and cooking oils on such a superamphiphobic cotton surface can maintain their beaded shapes for months without being absorbed. Meanwhile, the obtained superamphiphobic property did not affect the mechanical stability and the coating was robust enough against simulated washing in detergent solutions. Moreover, they have synthesized other new diblock copolymers by sequential anionic polymerization and coated on various substrates, [43] [44] [45] such as paper, iron plates, glass plates and cell phone touchscreens.
3.1.2 Chemical bath deposition. Wang et al. 46 prepared a one-way transport oil droplet functional fabric surface by a two-step coating process to apply ower-like ZnO nanorods, uorinated decyl polyhedral oligomeric silsesquioxanes, and hydrolyzed uorinated alkylsilane. Aer the superamphiphobic fabric was exposed to UV light on one side, the fabric showed an interesting one-way oil transport ability. In addition, it was found that the selective oil-transportation depends on the specic surface tension of the liquid and by changing the UV irradiation time, different types of oils can be selected. Such a one-way oil uid transport material has potential application in detecting liquid surface tension (Fig. 7a-e) . In Lai and coworkers' work, 47 a robust ower-like hierarchically structured cotton fabric surface was prepared in situ via one-pot hydrothermal technology, in which the cotton piece is immersed into a solution mixture and treated at various temperatures ranging from 120 C to 200 C (Fig. 7f ). Subsequently the remarkable superhydrophobic cotton surface was developed with the chemical modication of uoroalkylsilane. The ower-like hierarchical TiO 2 micro-nanoparticles were evenly coated on the cellulose bre surface. Such special wetting superhydrophobic coating shows excellent water-repellent ability with a static contact angle larger than 160 and a dynamic sliding angle less than 5 . The facile strategy for fabricating hierarchical structure superhydrophobic TiO 2 @Cotton is excepted to be helpful for designing and developing self-cleaning materials in air and underwater superhydrophobic/superoleophilic materials. 3.1.3 Electrostatic layer by layer self-assembly. Lin et al. successfully prepared a superhydrophobic fabric surface via a versatile electrostatic layer by layer self-assembly method to construct polyelectrolyte/silica nanoparticle multilayers and a post-uorinating strategy. 54 Before the electrostatic selfassembly, the pristine cotton fabric was treated with specic solution to form a charged polymer lm. Moreover, the surface morphology and hydrophobicity of cotton fabric were tuned by the number of silica-nanoparticle multilayers. The fabric exhibited a weave structure and the pure cotton bre was very smooth ( Fig. 8a and b) . When the surface was assembled with 1 or 3 layers of PHA-SiO 2 , the silica-nanoparticles were dispersed onto the bre surface randomly ( Fig. 8c and d ) and such a surface showed a sticky property with a high contact angle hysteresis. An increasing number of assemble layers could result in the homogeneous coverage and aggregation of silica nano-particles coated on the cotton bre surface (Fig. 8e-h ). The surfaces exhibited excellent superhydrophobicity with high static contact angles and low contact angle hysteresis. Meanwhile, the superhydrophobic surface can withstand at least 30 cycles of machine washing due to the good affinity between the PHA-SiO 2 and cotton bre.
3.1.4 In situ growth processing. Wang et al. 81 reported a general methodology for in situ growth of transition metals and their oxide nanoparticles on fabric and sponge to realize stable surface roughness, which can readily coordinate with thiol, resulting in a special wetting property. It was also demonstrated that multi-scale surface roughness and the special wettability can be controlled via efficient control of the growth of nucleation of Group VIII and IB nanocrystals. The Group VIII and IB metal oxides, as well as simple metallic substances, such as Fe, Co, Ni, Cu, and Ag could provide the fabric/sponge different colours ( Fig. 9c and d) . The as-selected transition-metal element can not only strongly bond with thiols, but also possess some special properties that can be utilized to realize multifunctional integration. The multifunctional applications were mainly derived from magnetic recycling, semiconducting, and antibacterial material properties. Moreover, the as-prepared fabric and sponge via the in situ growth method followed by thiol modication possess anti-wettability towards water and can absorb and ltrate oils from water selectively with good efficiency.
One-pot method
Research on superhydrophobic fabric has attracted more and more attention and the number of literature studies has increased drastically in recent years. Inspired by the natural phenomenon of the lotus leaf surface, superhydrophobic surfaces have been successfully obtained on various substrates (cotton fabric, PET, wool, nonwoven and so on). As discussed earlier, superhydrophobicity depends on not only the chemical modication with low surface energy but also surface morphology to endow surface roughness. Besides the above discussed sequential roughening/lowering surface energy treatment, another strategy is by one-step dipping the samples into an appropriate pre-uorinated micro-polymer or micro/ nanoparticle solution, or sol-gel solution. Other similar approaches include chemical coating, chemical vapour deposition, electrochemical deposition, layer by layer self-assembly and so on. Compared to the pre-roughing and subsequent postuorinating technology, the one-pot method takes less time and is potentially cost-saving. Moreover, a one-step route can be more easily used in large scale application.
3.2.1 Wetting chemical coating. Lin et al. 82 reported a robust, chemically stable superamphiphobic fabric prepared via a one-pot wetting coating method using a coating solution containing poly(vinylidene uoride-cohexauoropropylene) (PVDF-HFP), uoroalkylsilane (FAS) and a volatile solvent (such as acetone) (Fig. 10a-c) . The particle-free coating made the coated fabric super-repellent to liquids with a surface tension greater than 21.5 mN m À1 in acetone solution (Fig. 10d) . Such a fabric surface showed good stability under continued liquid dropping with the static contact angle unchanged. It should be noted that the solution system of PVDF-HFP has a signicant impact on superamphiphobicity and the threshold surface tension of coating to various liquids. For the fabric treated with DMF-acetone solution, the surface tension threshold is 30 mN m À1 while the value changes to 32 mN m À1 when DMF was used as the solvent. By viewing the scanning electron microscopy image before and aer the coating treatment, the pristine polyester bre had a smooth surface while a rough morphology was formed on the treated polyester bre no matter which solution system was adopted ( Fig. 10e and f) . Moreover, the coating surface exhibited high stability against the extreme conditions, such as 98% H 2 SO 4 , 40% NaOH, physical abrasion for 1000 cycles and machine wash for at least 800 cycles. The super-strong, superamphiphobic coating surface is useful for developing functional and innovative clothing surfaces. procedure are illustrated in Fig. 11a and b . The addition of FD-POSS and FAS endows the conductive coating with stable and durable superamphiphobicity with a contact angle of 169 and 156 to water and hexadecane, respectively; however the fabric surface with only PEDOT coating showed unstable hydrophobic properties and the water droplet will spread into the fabric matrix (Fig. 11e) . In addition, the surface exhibited an excellent superamphiphobicity to liquids with surface tension larger than 27 mN m À1 (Fig. 11g) . FD-POSS and FAS were found to play an important role in enhancing the washing and abrasion durability and selfhealing function of the coating; meanwhile it showed little inuence on the conductivity of coating. This facile and novel strategy will move forward the textile industry to durable and smart applications.
Polymer graing.
Textile materials, especially natural bre such as cotton cellulose, silk and ax, exhibit excellent clothing properties due to their abundance, good moisture absorption, and biodegradability. However, the use of natural bres in most advanced elds would be greatly restricted because of their poor chemical and physical properties. Atom transfer radical polymerization (ATRP) is a controlled radical polymerization technology that has been proven useful for synthesis of functional macromolecules with controlled architectures [84] [85] [86] [87] [88] and the method has also been used for the modication of various substances. [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] In order to convert the hydrophilic cotton cellulose bre into a superhydrophobic and self-cleaning surface, Nyström 74 achieved it via surface in situ polymerization of glycidyl methacrylate using an ATRP method combined with a post-modication reaction. Based on the environmental concerns over uorine-containing compounds and their high cost, the work has demonstrated a versatile route to fabricate superhydrophobic and self-cleaning surfaces using low amounts or even no uorinated materials. Similarly, Li et al. 75 developed a highly hydrophobic silk material by graing acrylate uoride monomers via the ATRP route. The water repellence of the silk surface is controlled by the amount of uoride monomers and it has little effect on the intrinsic properties of silk fabric. The thermal stability of the silk aer modifying with a uoride polymer was better than that of the pristine silk. Generally, the hydroxyl group is used to produce active sites for reacting with an initiator. Natural bres containing abundant hydroxyl groups can be readily used to gra functional monomers. Besides the hydroxyl group, an aminocontaining dye intermediate (2-chloro-4,6-diamino-1,3,5-triazine, CDATA) was also used to make more active sites for surface in situ polymerization of poly(methacrylic acid) (PMAA) in Wu and co-workers' work. 76 The as-prepared cotton-PMAA exhibited high pH-responsibility: with increasing pH, the surface wettability transited from superhydrophobic to superhydrophilic and underwater superoleophobic, leading to efficient water/oil separation.
Typically, a long uoroalkyl chain polymer monomer is adopted to modify various substrates with excellent and stable superhydrophobicity. Taking account of the environmental protection and high cost of the long chain uoride-based precursor, Lai et al. 77 graed a short chain uorine-containing monomer on a cotton fabric surface by the ATRP strategy for the construction of super-antiwetting fabric with controllable surface adhesions, excellent air permeability, and good mechanical stability under dry abrasion and wet laundering processes. In this work, a single gra route was adopted to fabricate super-antiwetting surfaces with high surface adhesion (Fig. 12a) . The robust and stable superhydrophobic surface was developed by employing a gra-on-gra route (Fig. 12b) , and the as-prepared fabric surface indicated a high static water contact angle (163.7 AE 2.5 ) with lower adhesion (Fig. 12c) . These results verify that the designed gra-on-gra architecture is an effective and promising approach to achieve excellent super-anti-wetting ability with environmentally friendly short uoroalkyl chains. This chain graing technique has realized the construction of superhydrophobic coatings in a sophisticated manner through closely controlled chemical reactions, but it has a drawback that it needs a specic multi-step process and is time-consuming. Xue et al. 78 prepared a robust and antifouling superhydrophobic PET fabric surface via a novel and general strategy through surface initiated atom transmit radical polymerization of uo-rinated methacrylates on poly(ethylene terephthalate) (PET) fabrics. Briey, the cleaned PET fabric was rstly immersed in a specic concentration of sodium hydroxide solution for chemical etching to obtain abundant hydroxyl groups. Then abromoisobutyryl bromide (BiBB) as the ATRP initiator was used to immobilize the Br group on the etched PET fabric surface (denoted as PET-Br). Finally the uorinated methacrylate polymer graed on the PET-Br and the resultant fabric was denoted as PET-g-P(TFEMA) (Fig. 12d) . Aer graing polymerization, the PET-g-P(TFEMA) fabric surface possessed water repellence while the pristine PET fabric is superhydrophilic (Fig. 12e) . Meanwhile, the as-prepared superhydrophobic fabric oat onto the water surface and a special "silver mirror" phenomenon was observed (Fig. 12f) , indicating a remarkable super-anti-wettability. The hydrophobicity of the as-prepared PET surface can be tuned by altering the polymerization time. It was veried that the superhydrophobic surface was resistant to UV irradiation, chemical solutions such as acid, base, salt, acetone, and toluene, mechanical laundering, and mechanical abrasion. It is notable that such fabric remained superhydrophobic aer 2500 mechanical laundering cycles, 100 abrasion cycles and even long time exposure to UV irradiation.
Hu et al. [99] [100] [101] [102] [103] [104] have also fabricated superhydrophobic textiles using uorinated block polymers via atom transfer radical polymerization. In their research, a highly durable and robust superhydrophobic fabric surface was fabricated with a series of functional diblock copolymers. 99 The nano/micro-scale roughness was synthesised in a single step by combining the copolymer-based nano-bumps onto the cotton ber, while the poly(2,2,2-triuoroethylmethacrylate) (PTFEMA) blocks acted as a low surface energy material. Since the low-uorinated PTFEMA chains were chemically bonded with the cotton ber, the prepared superamphiphobic cotton fabric surface exhibited super-high durability, long-term stability and robustness. Although many technologies have been used for the fabrication of superhydrophobic textiles, the common drawback in these strategies is the usage of organic solutions which can inhibit the practical applications. Hu et al. reported an aqueous process for preparing robust diblock copolymer coating superamphiphobic surfaces. 100 The diblock copolymer of poly(2-peruorooctylethyl acrylate)-block-poly(glycidyl methacrylate-radom-methoxy oligoethyleneglycolyl methacrylate) [PFOEA-b-P(GMA-r-mOEGMA)] was synthesised in water solution via atom transfer radical polymerization ( Fig. 13a and b) . Cotton fabric was soaked in the formed coating solution and can achieve robust wettability. In addition, the coating structure can be tuned by changing copolymer solution concentration. Fig. 13c -k compare the SEM and 3D AFM images of uncoated and coated PET cotton. The coated cotton at c ¼ 2.28 mg mL À1 appeared rather smooth; however, the wettability against water and oil droplets was rather weaker compared to the coating at c ¼ 22.8 mg mL
À1
, reaching a superamphiphobic level. Furthermore, they can withstand ten cycles of simulated laundry and harsh rubbing cycles. This novel process is simple, environmentally friendly and expected to nd commercial applications.
Multifunctional applications
Nowadays, research studies on special wetting materials have become a hot spot in the development of advanced materials. [105] [106] [107] With the increasing demands for multifunctional advanced materials with super-antiwetting properties, great attention and interest have triggered scientists and researchers to focus on special wetting surfaces for a large number of functional applications. Most prominently, special wetting surfaces are regarded as excellent oil/water separation materials due to the different wettability to water and oil, such as being superhydrophobic and superhydrophilic, superoleophilic and superoleophobic. Textiles with a textured structure are very easily attacked by various chemical solvents (acid, base, salt, organic and inorganic solution) and lose their intrinsic properties. Superhydrophobic textiles fabricated by constructing appropriate surface roughness and suitable chemistry have been successfully demonstrated for a range of applications, such as oil/water separation, self-cleaning, and multifunctional materials containing UV-shielding, ame-retardant, anti-icing, and photocatalytic properties, as well as some smart materials with self-healing, stimuli-responsive, patterning and asymmetric response, etc. In this section, we will mainly focus on the functional applications of textiles (mainly on cellulose based materials) with special wettability surfaces.
Superamphiphobic surface
Most applications of superamphiphobic surfaces are related to their versatile anti-wetting property. Being both superhydrophobic and superoleophobic, they have similar features and application potential as the superhydrophobic-only surface, but there are exceptions. For example, a superhydrophobic surface can be used as a lter to separate oil from a water mixture if its surface wetting states are properly tuned. Obviously, superamphiphobic surfaces cannot be applied in oil/ water separation because of their super-antiwetting to both types of liquids. Superamphiphobic surfaces should be developed for advanced textiles such as totally anti-wetting surface, anti-fouling, and packaging materials for precision instruments where anti-wettability is expected for not only pure water but also for some low surface energy solutions (e.g., detergent solution, rain water, underground water, waste water, and sea water) and organic 'oils' (e.g., hexane, hexadecane, toluene, mineral oil, and cooking oil). 108 Artus et al. 109 fabricated a superoleophobic polyester fabric by coating silicone nanolaments, followed by plasma uorination.
Such a fabric surface was revealed to have outstanding repellence against static liquid drops with low surface energy and exhibited a possible highest oil-repellence grade of eight. Meanwhile, Leng' groups 110 reported a superoleophobic woven fabric with a multilength scale structure by adding two layers of silica particles (microparticles and nanoparticles) on the woven structure. Subsequently, the multi-length scale roughness fabric was incorporated with uoroalkyl groups to obtain superoleophobic properties. As expected, the modied woven fabric demonstrated a high hexadecane static contact angle (153 for 5 mL droplets) and low roll-off angle (9 for 20 mL droplets). At the same time, the necessity to add the nanoparticle layer onto the bre surface for preparing superoleophobicity was also proved, especially to achieve the low sliding angles of oil droplets. Although any surface can be dened as superoleophobic as long as it has a contact angle greater than 150 , unlike the superhydrophobic state, the measured surface properties of superoleophobicity could be considerably different using oily uids with different surface energy. In other words, a superoleophobic surface to a certain oily uid may become oleophilic to some other oily uids with lower surface tension. Understandably, making a super-repellent surface to oils with a high surface tension is easier than fabricating the same against a lower surface energy oil. The latter has always been a great challenge. laundering and robust mechanical stability, attributed to the superamphiphobicity. In Wang and co-workers' research, 112 a multifunctional super-repellent liquid fabric surface was successfully fabricated using hydrolysis of uorinated-decyl polyhedral oligomeric silsesquioxane (FD-POSS) and a uori-nated alkyl silane (FAS). The coated fabric exhibited excellent self-healing performance aer UV exposure, acid exposure, machine wash and mechanical abrasion.
In spite of the excellent super-repellent property of both water and oily uids of cotton fabric developed by hydrolysis of FD-POSS and FAS, the commercial unavailability of FD-POSS imposes a restriction on the wide use of this coating technology for practical application. Zhou et al. 113 reported a new coating system to make a durable self-healing superamphiphobic fabric surface via a two-step dip coating method (Fig. 14b) . They prepared two coating solutions, one consisting of nanoparticle silica sol and FAS in ethanol under alkaline conditions, and the other a uoro-containing polymer, poly(vinylidene uoride-hexauoropropylene) (PVDF-HFP) dispersed in dimethylformamide (DMF) solution containing FAS. The fabric was immersed into the solutions in sequence. The coated fabric showed super-antiwettability and can withstand at least 600 cycles of standard laundry ( Fig. 14c and d) as well as 8000 cycles of mechanical abrasion ( Fig. 14g and h ) without any apparent change in superamphiphobic properties. Moreover, the coated fabric has self-healing ability with a short-time thermal treatment or long time ageing aer exposure to extreme conditions, such as acid/base, ozone and boiling treatment. Interestingly, a new route for fabricating superamphiphobic fabric was also developed by a dip-coating method by Xu and co-workers. 114 A solution containing heptadecauorononanoic acid-modied TiO 2 -sol mixed with silica nanoparticles was used to apply onto the polyester fabric surface. The superamphiphobic coating was indicated to have a stable super-antiwetting water angle contact above 150 in air; however, the superhydrophobic surface became superhydrophilic when exposed to ammonia vapour.
Self-cleaning/photocatalytic/anti-bacterial
Self-cleaning coatings can be broadly classied into two major types: photocatalysis-induced superhydrophilic coatings and superhydrophobic or superamphiphobic coatings. 115 In terms of superamiphobic or superamphiphobic surfaces, an air layer gets trapped between the nano/microstructure and water droplet, resulting in the formation of a composite air/liquid/ solid interface and increase in the contact angle. A liquid droplet can easily roll off from the fabric surface and take away the surface dirt. For superhydrophilic coatings, the surface is cleaned by exerting the photocatalytic effect which breaks down the organic substances into carbon dioxide and water. The selfcleaning property of super-antiwetting fabric is summarized as three types: physical self-cleaning, chemical self-cleaning and biological self-cleaning. Physical self-cleaning is mainly mimicking the lotus leaf surface and characterized by measuring the water contact angle and the sliding angle. Chemical self-cleaning refers to the degradation of the colour stain or pollution solution using the photocatalytic effect. The biological self-cleaning corresponds to antibacterial activity of functional fabric against a Gram-positive bacterium (Staphyloccocus aureus) and a Gram-negative bacterium (Escherichia coli).
Typically, superamphiphobic or superhydrophobic surfaces with the water contact angle above 150 and an ultralow sliding angle are endowed with physical self-cleaning properties. Lin et al. 116 reported a self-cleaning cotton fabric surface coated with a superhydrophobic and superoleophobic thin composite polymer lm consisting of modied SiO 2 nanoparticles and a uoropolymer. As shown in Fig. 15a , a water droplet and a sunower oil rolled off from the as-prepared cotton fabric surface and brought away dirt along with it. A clear track was le behind by a spherical water droplet or oil droplet. Similarly, in Lai's group, 47 ower-like TiO 2 micro/nanoparticles coated on the cotton fabric surface and subsequently modied with uo-roalkylsilane. The superhydrophobic cotton surface exhibited a super-antiwetting property with self-cleaning ability and oil/ water separation (Fig. 15b) . A literature study in Science reported a facile method to fabricate superamphiphobic selfcleaning surfaces on both hard and so materials which were obtained by preparing a suspension of peruorosilane TiO 2 nanoparticles and bonding with commercial adhesives. These surfaces were self-cleaning even aer immersion in oils and they could maintain super-repellence aer 40 cycles of abrasions under sandpaper.
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It is well known that the lotus-leaf surface exhibits selfcleaning properties due to the superhydrophobicity which can remove dust away from the surface. However, the physical selfcleaning process is unable to clean oil pollutants if the surface is superhydrophobic and oleophilic. Thus, the incorporation of ZnO or TiO 2 nanoparticles becomes indispensable to degrade organics by the photocatalytic effect. Zhang et al.
118 developed a photocatalysis-induced self-cleaning polyester non-woven fabric surface by dip-coating a uorine-free low surface energy polybenzoxazine (PBZ) solution with TiO 2 nanoparticles, followed by thermal treatment. The oil droplet on the treated fabric surface can be photodegraded by TiO 2 endowing the fabric with self-cleaning performance. Yu et al. 119 used a new strategy to covalently immobilize TiO 2 nanoparticles onto the fabric surface by graing polymerization of 2-hydroxyethyl acrylate (HEA) under g-ray irradiation. The resulting functional fabric showed photocatalytic self-cleaning performance when using oleic acid dyed with oil red as the organic stain (Fig. 15c) . As a comparison, the colours of pristine cotton were always red no matter how long it was exposed to the UV irradiation. Reversely, the red colours of various cotton-g-TiO 2 gradually disappeared under ultraviolet irradiation because of the photocatalytic effect of the TiO 2 nanoparticles on the surface. Rana et al. 120 adopted a biomimetic method to construct nanostructured Ag@ZnO on the cotton fabric surface; such exible fabrics exhibited not only visible-light driven photocatalysis but also anti-bacterial activity against Gram-positive bacteria and Gram-negative bacteria (Fig. 15d ).
Oil/water separation
The increase of oil leakage and oil spill accidents pose a great threat to the aquatic environment. A great amount of attention has been focused on oil spill prevention and clean-up; special wetting materials are widely applied to separate the oil/water mixture due to the opposing affinities toward water and oil. In particular, two kinds of wettability materials are suitable for oil/ water separation: hydrophobic/oleophilic and hydrophilic/ oleophobic. In principle, the wetting behaviour is characterized by the surface chemistry and can be boosted by the surface structure. 121, 122 With a suitable surface roughness, the wettability can be tuned from hydrophobic to superhydrophobic, oleophilic to superoleophilic. Indeed, as textured textile materials are exible, they are suitable for absorbing organic solutions and separating the oil/water mixture, once the appropriate synergistic effect between the surface chemistry material and surface architecture is employed. So far, based on the principle of separating two different surface tension solution mixtures, the special wettability textile can be divided into two types: as a ltration membrane and as an absorption material. The ltration membrane allows only oil or water to permeate through and repels the other phase, resulting in a selective separation. The absorption material can selectively absorb water or oil on the surface, and thus prevent the other phase from permeating into the absorbent.
Rana et al. 129 reported a multifunctional cotton fabric with Ag/AgBr-TiO 2 composite nanoparticles and silane coating via a simple spray-coating method. The resulting cotton fabric showed an enhanced mechanical property in both warp and we directions. Moreover, the developed fabric also exhibited selective absorption of oil from the oil/water mixture. Zhou et al. 130 used a simple and versatile approach to fabricate superhydrophobic and superoleophilic surfaces by introducing polyaniline and uorinated alkyl silane onto cotton fabric. The as-prepared cotton surface can be regarded as a separation material for the oil/water mixture with a high separation efficiency of 97.8%. The separation process can be repeated for at least 30 cycles without an apparent decrease of separation efficiency. Besides, the obtained fabric can also withstand extreme conditions, such as high temperature, high humidity, strong acid and alkaline conditions, and even the mechanical abrasion. Based on the above report, a facile and inexpensively onepot sonochemistry irradiation method was developed for constructing two-side superhydrophobic fabric incorporated with SiO 2 nanoparticles (Fig. 16a) . 132 The resulting fabric exhibited both superhydrophobicity and superoleophilicity with a high water contact angle of 159 and oil contact angle of nearly 0 , which is suitable for oil/water separation. The fabric can be used for capturing and separating various oils both on the water surface and underwater, including toluene, chloroform, kerosene, etc. (Fig. 16b) . Furthermore, a superhydrophobic contact angle above 150 and excellent separation efficiency beyond 94.6% were observed aer 40 separation cycles. In addition, the obtained fabric showed stable and robust superhydrophobicity against hot water, strong acid, alkaline, salt solution and mechanical abrasion. This stable and durable superhydrophobic fabric surface has the greatest potential for practical applications. Chen et al. 133 reported a simple and practical route to develop a superhydrophobic SiO 2 -TiO 2 @PDMS hybrid lm via a sol-gel method, which endows the coated polyester-cotton fabric surface with superhydrophobicity and a photocatalytic effect. The SiO 2 -TiO 2 @PDMS hybrid lm can be produced on a large scale and the lm has high thermal stability at temperatures up to 400 C. The as-prepared large-scale superhydrophobic cloth was also used as a lter to separate the oil/ water mixture (Fig. 16d) . Besides, the "lter cloth" exhibited a considerable separation efficiency with a water contact angle above 150 and a sliding angle about 8 aer ten times of the separation experiment. Although the textile products are excellent candidates for preparing absorption materials because of their exibility, low cost, mechanical stability and high separation efficiency, the application of textile with superhydrophobicity and superoleophilicity for absorbing oils from water is restricted by the inherent poor capacity of fabric. Nowadays, many advanced and feasible technologies to absorb and separate larger amounts of oils or organic pollutants from water have been reported in the literature. Wang et al. 134 reported a superhydrophobic fabric using a mussel-inspired polydopamine (pDA) and folic acid (FA) to construct a hierarchical structure onto fabric. The strategy did not need any additional nanoparticles and the hierarchical structure was controlled by the concentration of FA or coating time. With the octadecylamine modication, the as-prepared fabric exhibited super-antiwetting properties (Fig. 17a) . Taking the energy-saving and high efficiency into consideration, a mini boat formed by fabric was utilized to automatically clean up the oil-spill. 15 g of crude oil spill was poured onto the water surface and completely absorbed by the boat in ten minutes; meanwhile the crude oil clean-up rate reached as high as 97.1% (Fig. 17c) , showing great potential in environmental remediation for oil spills and organic chemicals. In Liu's work, 138 a nest-like layered double hydroxide (LDH) microcrystal was in situ grown onto fabric and subsequently modied with low surface energy molecules ensuring the textile with superhydrophobic and superoleophilic properties. Besides the high separation efficiency displayed by the textile membrane, the as-obtained textile was made into a bag lled with a block of sponge. In the absorption experiment, the functional textile acted as a lm for the selective absorption of oil from water. The high porosity of sponge acted as a container for storing the penetrated oil. As shown in Fig. 17b(III-VI) , when the as-prepared superhydrophobic bag was immersed into the oil/water mixture, the oil was quickly absorbed leaving a clean surface. Importantly, the absorbed oils can be collected by nger squeezing (Fig. 17b(VII and VIII) ). Similarly, Li et al.
145 fabricated a continuous and ultrafast absorbing oil bag combining the 2D superhydrophobic and superoleophilic fabric with a large volume capacity of 3D porous PU sponge. The superhydrophobic fabric surface was prepared by a sonochemical irradiation method. 132 The superhydrophobic bag lled with sponge was used for continuous absorption and removal of oil from a series of oil/water mixtures when connected to a vacuum pump. A separation efficiency higher than 98.2% and an absorption rate of 3.7 mL cm À2 min À1 were demonstrated by the 3D PU sponge stuffed into superhydrophobic fabric.
Asymmetric/patterning/stimuli-responsive
An asymmetric surface is an interesting phenomenon in nature, for example, beetle's back and spider silk display two opposite wetting properties, such as superhydrophobic/superhydrophilic, hydrophobic/hydrophilic along different directions. Inspired by this, asymmetric fabric in textile engineering has great potential since one side of the fabric can be made to repel water, oil, and even bacteria and germs, while the other side maintains the intrinsic hydrophilic property. Therefore, the superhydrophobic side provides self-cleaning ability as well as other functional properties and the hydrophilic side keeps the textile moisture absorbing, breathable, comfortable and so. Besides, the asymmetric or gradient wettability surface allows directional transportation of liquids from the superhydrophobic surface toward the superhydrophilic surface, which has potential in biological, medical, and chemical diagnostic applications. Moreover, the patterned surface with different wettability is also signicant to encode chemistry information, to enhance uid transportation and to enable medical diagnostics. Liu et al. 146 reported a single-side superhydrophobic fabric surface by nishing the inherent hydrophilic cotton with uo-ropolymer foam. The developed cotton fabric exhibited asymmetric wettability on both sides: one side showing superhydrophobicity and the other maintaining the hydrophilic property. Such asymmetric wettability textile will have great potential in unidirectional liquid transport, microuidic management, desalination of seawater, and oil/water separation. Zhou et al. 147 created a superhydrophobic/hydrophilic janus fabric material by a wet-chemical method and successive UV irradiation, demonstrating switchable, spontaneous, directional transport abilities. The coated fabric showed anti-wetting behaviour for both water and oil, and directional transport ability was achieved when the fabric was exposed to UV lamp for a certain duration (Fig. 18a-c) . Interestingly, when the fabric exhibited directional transport properties to a liquid solution, it allowed the liquids of lower surface tension to penetrate but refused the penetration of higher surface tension liquids. Moreover, the directional transport ability from one liquid to another can be tuned simply by heating the fabric at higher temperatures and re-irradiating under UV light for an appropriate time. The author also demonstrated that the directional liquid transport ability only relied on liquid surface tension by attaching the liquid droplet (45 mL) on a horizontally laid fabric (Fig. 18d) ; therefore such membranes are promising for transportation of liquids.
Kwon and co-workers fabricated single-sided superhydrophobic lyocell fabric by oxygen plasma etching for 5 minutes followed by plasma polymerized hexamethyldisiloxane coating for 30 s (Fig. 18e) . 148 The treated surface of the lyocell transformed into superhydrophobic but the backside showed inherent hydrophilic properties with high moisture absorbing ability (Fig. 18f) . Sasaki et al. 149 adopted one-step spraying a mixture of polymer and SiO 2 nanoparticles to fabricate asymmetric wettability cotton fabric. Such a strategy involved controlling the asymmetric wettability by altering the distance between the fabric and a sprayer. Besides the asymmetric wettability of the as-designed cotton fabric to water, the asymmetric fabric also showed a similar property to blood. This will be useful for developing multifunctional fabric for medical applications. Generally, the asymmetric surface can be achieved mainly by two routes: (1) to selectively hydrophobize one side of the initially hydrophilic membrane surface and (2) to selectively hydrophilize one side of the inherently hydrophobic surface. These approaches induced different wettability, which benets directional transportation of liquids. Tian et al.
150 prepared a macroscopic hydrophilic/hydrophobic janus cotton membrane via a facile vapour diffusion of POTS on one side of cotton fabric (Fig. 16g) . The asprepared anisotropic surface chemistry cotton fabric demonstrated directional liquid penetration in an air-water system. As shown in Fig. 16h , a water droplet can penetrate through the janus fabric from the hydrophobic side to the hydrophilic side whereas the water droplet was prevented from going through when placed on the opposite side. This is a clear exhibition of directional droplet gating. They also veried that this directional water penetration across the janus fabric was attributed to its anisotropic critical breakthrough pressure. Such a membrane possessing selective and directional liquid transportation provides a new concept of intelligent materials, which will bring about novel applications in uid rectifying, microchemical reaction manipulation, biomedicine and smart textile.
The development in multifunctional textiles including liquid/dirt repellent, self-cleaning, UV-shielding, oil/water separation, anti-fouling, photocatalytic, and anti-bacterial/biological has widened their potential application elds. In addition, super-wetting textile materials have other important applications in micro-pattern regulation, stimuli-reection, gas detection, etc. Wang et al.
151 fabricated a hydrophilically patterned superhydrophobic cotton fabric via in situ synthesis of a block copolymer and subsequently photolyzing the cotton swatch to anchor a poly [2-(cinnamoyloxy) ethyl acrylate] (PCEA) block crosslink in the exposed area. Aer extracting the cotton swatch with CH 2 Cl 2 , a hydrophilic pattern assembled in the masked area, and the exposed area was superhydrophobic (Fig. 19a-d) . In addition, the photographic patterns were printed on cotton and polyester/cotton surface using diluted ink and PEG-containing ink. Experiments indicated that an increase in viscosity of ink could eliminate the bulging effect caused by the good wetting ability of cotton ( Fig. 19e and f) . Thus, such hydrophilically patterned superhydrophobic cotton fabric can be used as stamps for ink or dye printing. A bioinspired, stimuli- response, multifunctional superhydrophobic surface was developed by self-assembly of a graphene monolayer and TiO 2 nanolm. The micro/nanostructure provided by a graphene monolayer and TiO 2 nanolm on fabric (GT-fabric) was shown to have enhanced surface roughness and superhydrophobicity.
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Some smart surface characters, such as tunable adhesion, wettability and directional water transportation, can be obtained upon UV irradiating the upper TiO 2 layer. The GT-fabric can be used as a novel droplet sensor when loaded with different initiators for accurate sensing of certain gases. For example, the droplet array was loaded with different types of initiators, such as Cu 2+ (Fig. 19g and h ), congo red ( Fig. 19i and j) , and Pd 2+ ( Fig. 19k and l) for sensing NH 3 , HCl, and ethylene diamine. The water droplet was stable on the GT-fabric surface even at a tilt angle of 90 and 180 ( Fig. 19n-p) because of the high contact angle and high adhesion, exhibiting a typical "rose petal" effect. Such smart superhydrophobic GT-fabric can also achieve droplet manipulations, including storage, transfer and mixing ( Fig. 19q and r) . On the other hand, carbon nanotubes can be easily removed by a water droplet as a result of robust superhydrophobic on the GTfabric surface (Fig. 19t-w) .
Durability/self-healing/UV-shielding/ame-retardant
Superhydrophobic fabrics are exible, air-breathing, and even superamphiphobic, making them potentially useful as selfcleaning cloths. However, the applications of such fabrics are restricted by their poor stability and durability since once being mechanically and/or chemically stressed, they will lose their superhydrophobic property. 153, 154 From a practical point of view, it is indispensable to develop robust superhydrophobic surfaces with good laundering and mechanical abrasion properties to cater for the increasing consumers' needs and market demands. There are generally two routes to construct robust and durable superhydrophobic fabric surfaces. One is to create roughness and establish the chemical bond between the coating and fabric; [155] [156] [157] [158] [159] [160] [161] [162] The other is to introduce the bioinspired self-healing function into the coated fabric. 10, 83, 112, 113, [163] [164] [165] [166] [167] [168] [169] Many research studies have been reported to fabricate a robust superhydrophobic fabric surface with durability and stability against laundering, mechanical abrasion, and chemical attack. For example, Deng et al. 155 reported a radiation-induced gra polymerization method to obtain an extremely stable and superhydrophobic cotton fabric surface, exhibiting excellent chemically stability over the entire range pH (0-14) and laundering durability for 250 commercial washing cycles. The uorinated fabric still maintained superhydrophobicity aer 50 accelerated laundering cycles ( Fig. 20a  and b) , which indicates that the binding between the cotton bre and uorinated polymer chain was strong enough to withstand the shear force of water and stainless steel balls. Abbas et al. 156 used ethylenediaminetetraacetic acid (EDTA) to alternate the silane coupling agent as a crosslinking in the presence of silica nanoparticles (SNPs) and hexadecyltrimethoxysilane (HDTMS) to fabricate improved laundering durability superhydrophobic fabric. In addition, in Das's work, 161 a extremely durable superhydrophobic coating was fabricated by a sol-gel method and the fabric surface was rmly attached to the uorinated coating through covalent bonding by a simple immersion technology. The coated fabric retained its superhydrophobicity with a high water contact angle of 161 and a low contact angle hysteresis of 4 aer several cycles of the sand paper abrasion test, demonstrating that the covalent bonding between the coating and cotton bre has been established (Fig. 20c) . Xue et al. 162 reported a washable and wear-resistant superhydrophobic textile by chemically etching the microscale bre with an alkali solution, followed by coating with polydimethylsiloxane (PDMS) (Fig. 20d) . The obtained fabric showed self-cleaning properties and also robust to alkali/acid etching, UV-irradiation, and long-time laundering. Furthermore, the PDMS-E-PET fabric still remained superhydrophobic on the broken area aer abrasion of 3000 cycles (Fig. 20e) . Importantly, colourful images can be imparted on the superhydrophobic surface by using conventional dyeing or thermal transfer printing without affecting the antiwettability (Fig. 20f) . Wu et al. 163 developed a colourful self-healing and durable antibacterial superhydrophobic surface via a solution dipping method using sequential deposition of poly(ethylenimine) (PEI), silver nanoparticles (AgNPs), and uorinated decyl polyhedral oligomeric silsesquioxane (F-POSS). The F-POSS/AgNPs/ PEI coated fabric showed remarkable resistance to abrasion and dry-cleaning, and the water contact angle and sliding angle changed to about 152 and 32 aer being subjected to 5000 cycles of abrasion. The as-prepared fabric was still superhydrophobic aer 80 cycles of the dry-cleaning process with a high water contact angle of around 159 and a low sliding angle of 5 ( Fig. 20g-i) .
The self-healing superhydrophobic surface can restore its water repellent property aer being destroyed by acid, base, chemical reagents, and mechanical and laundering abrasion. Generally, the destroyed surface is repaired to original superhydrophobic by heating treatment, humid environmental conditioning, and ironing treatment and so on. Zhou et al. 113 reported a two-step wet-chemistry coating method for durable self-healing superamphiphobic surfaces. The coated fabric exhibited excellent durability to acid, UV light, mechanical and washing abrasion. Aer being damaged, the fabric can restore its super liquid-repellent performance by a short-time heating or room temperature ageing. Xi et al. 164 described a simple onepot mist copolymerization technology to construct healable superhydrophobic fabric. Moreover, the modied cotton fabric surface can recover its superhydrophobicity by ironing treatment aer 60 cycles of laundering or 2000 times of Martindale abrasion. A ame-retardant and self-healing superhydrophobic coating was successfully obtained onto the cotton fabric surface via the solution-dipping method. 165 Aer etching with O 2 plasma, the resulting cotton surface was superhydrophilic (Fig. 21a) . The coating can repetitively and spontaneously restore the superhydrophobicity by placing the damaged cotton fabric in a humid environment with a relative humidity of 35% for about one hour (Fig. 21b) . Similarly, the F-POSS/AgNPs/PEIcoated cotton fabric surface was fully superhydrophilic when exposed to O 2 plasma; however, it can recover its original superhydrophobic state under an ambient environment at 25 C and a relative humidity (RH) of 55%. The etching/healing process can be repeated for at least 16 cycles without apparent changes, showing a strong healing ability of damaged superhydrophobic fabric. 163 Most reported self-healing surfaces are achieved by migrating low surface energy molecules into the damaged surface to recover the special wettability.
Though much literature reported on self-healing coating with extreme wettability, the usage of uorine-containing agents is harmful for human body and environment. From this perspective, it is essential to create liquid repellent coating with long-term durability, self-healing and non-toxicity, which is believed to be an efficient way to overcome the poor durability caused by physical and chemical damages. Zhou et al. 166 reported a new approach to construct self-healing super-wettability without any uorine-containing agents. In this work, polydopamine@octadecylamine (PDA@OCA) nanocapsules were used as coating materials and added onto fabric surface by using an in-situ polymerization method. When the coated fabric was destroyed and lost its liquid repellency, the OCA molecules could migrate to fabric surface and restore its wettability only on heating treatment. For illustration, the coated fabric was treated with O 2 plasma and the surface was superhydrophilic with contact angles of almost 0 for any liquids (Fig. 21d) .
Interestingly, when the fabric treated by plasma was heated at 80 C, its liquid repellency recovered (Fig. 21f) . Moreover, the self-healing can be repeated more than 10 times. The contact angles for various liquids (water, juice, coffee and milk) on coated fabric surface aer 10 cycles of plasma and heat curing indicated that its self-healing property can be easily obtained by simple heating (Fig. 21h ).
Other potential applications
Through the past research, human beings have learnt insightful knowledge from nature and managed to fabricate multifunctional textile materials mimicking the lotus leaf and others. The multifunctional superhydrophobic surfaces possess many signicant properties including anti-wetting (liquids, dirt, and emulsions), self-cleaning, air-transport, UV-shielding, corrosion-resistance, antibacteria, ame-retardance and so on. Other important applications include oil/water separation, photocatalysis, self-healing, and microuidic management. In addition, superhydrophobic fabrics have good potential in water/fog collection, anti-icing and electromagnetic interference shielding. Wang et al. 170 developed a superhydrophobic surface with a light-induced superhydrophilic area inspired by 1D spider silk and 2D beetle back with efficient water-collecting properties. The fabrication process involved construction of a superhydrophobic fabric surface via incorporation of surface roughness and low surface energy. Subsequently, the superhydrophobic fabric was sprayed with TiO 2 nanosol to induce superhydrophilic bumps under light irradiation (Fig. 22a) . The TiO 2 domains could be observed on the superhydrophobic substrate (Fig. 22b) . Their presence has created both a wettability gradient and shape gradient, which is very signicant to accelerate water coalescence and water collection. During the fog condensation process, there is no spherical water droplet observed on fabric sprayed with TiO 2 nanosol (the cotton fabric treated with only TiO 2 was dened as TC fabric). However, visible spherical water droplets were formed on SSC (the cotton fabric treated with SiO 2 NPs and n-octadecyltriethoxysilane) and SSTC-11 (the fabric treated with SiO 2 NPs, n-octadecyltriethoxysilane and TiO 2 nanosol with a spraying distance of 11 cm) fabric surface, more and larger coalesced water droplets were collected on the SSTC-11 fabric surface due to the presence of superhydrophilic sites compared with the SSC superhydrophobic surface (Fig. 22e) . The above results indicated that the introduction of superhydrophilic TiO 2 nanosol onto the originally superhydrophobic fabric surface was benecial to enhance the efficiency of water-collection.
Zou et al. 171 reported a superhydrophobic cotton surface with durable electromagnetic interference shielding. The specic process is shown in Fig. 22c , and cotton fabric was deposited on a coating solution containing of Naon and multiwalled carbon nanotubes (MWCNTs), in which Naon was used as a linker between the pristine cotton bre and hydrophobic MWCNTs, meanwhile providing a homogenous dispersion. Aer 6 cycles of the deposition process, the cotton fabric coated with Naon-MWCNTs exhibited a water contact angle of 154.6 and a favourable electromagnetic interference shielding effectiveness of 0.9 dB (Fig. 22f) . Moreover, the resultant fabric also Another attractive application of superhydrophobic surfaces, in addition to the extraordinary water-repellence, is their excellent capability to reduce accumulation of snow and ice and to even completely prevent ice formation in a low humidity environment. Recently, numerous studies of superhydrophobic coating on rigid metal substrates demonstrated lower adhesions to both liquid water droplets and ice than bare metals or metals covered with hydrophobic coating. [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] [187] The anti-icing properties of superhydrophobic surfaces have great potential applications in aircras, optical lenses, energy transmission system, power lines, wind turbines, and highways as well as building constructions. [188] [189] [190] [191] [192] [193] [194] [195] [196] However, reports on potential anti-icing application by exible textile surfaces are very rare. Lee et al. 197 reported the anti-icing property of industrial nonwoven geo-textiles, which exhibited de-icing and anti-icing properties compared to the controls. They also found that surface morphologies as well as surface tension of the substrate have a great effect on anti-icing properties.
Conclusions and future prospects
In this review, we summarize characterization methods, fabrication technologies, and multifunctional applications of special wettability textile surfaces. These super-wettability exible textile surfaces possess signicant value to both fundamental research and practical applications. Inspired by the nature, great achievements have been made in this eld. Various superantiwetting surfaces have been fabricated by combining the design of surface roughness and surface chemistry. [198] [199] [200] [201] [202] [203] [204] [205] [206] [207] The fabrication strategies reported in the literature can be mainly divided into two categories: pre-roughening and post-uori-nating, and roughening and uorinating at the same time. From this point of consideration, the fabrication technologies are described briey in this review. The likely and potential applications are also reviewed including superamphiphobicity, self-cleaning, oil/water separation, UV-shielding, anti-bacterial/ biological implant, sensor, asymmetric/janus fabric, patterning, and self-healing surface.
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Although great achievements have been made, there are still difficulties and challenges that need to be overcome. From the fundamental research point of view, there is still a lack of the basic mechanism on the interactions between textile and chemical reagents during the fabrication process. Besides, the majority of fabrication methods are limited to laboratory and not suitable for industrial production on a large scale. And although many highlighted super-antiwettability textiles have been obtained, they may suffer from poor mechanical stability and durability during laundering and so on. The mechanical durability of water-repellence fabric is very crucial to practical products. Some developed durable mechanical superhydrophobic fabrics have been reported in the literature; however, the relationship between the durability and surface morphology as well as surface chemistry remains unclear and should be researched in-depth in the future. Moreover, it is necessary to conduct and develop a series of evaluation methods for superhydrophobic textile materials, considering these textured structures are different from conventional solid materials. For example, the laundering test may have to take into consideration the resulting fabric size, weight per square meter, and material species. The evaluation of the self-cleaning effect is another area to be standardized. So far in the literature, the test methods and the type of pollutant used vary a lot, making it difficult to compare among different reported results.
In most reports, uoro-containing compounds are introduced into the surfaces due to their low surface energy. It should be noted that most of the uoro-containing compounds are toxic and harmful to human health. Thus the use of uoro-containing chemical reagents should be eliminated or at least minimized. The safety verication of the used nano-particles and the low surface energy compounds should also be carried out before scalable production can be made.
Overall, many interesting, remarkable, and meaningful studies have been revealed for multifunctional super-antiwettability surfaces based on exible and inexpensive textile substrates. Among these functional properties, durability against physical and chemistry damages is an important consideration for the sustainable development and application, and more efforts are clearly needed. The future trend is to develop durable self-healing superhydrophobic surfaces that can automatically restore original characteristics aer having been damaged. Controllable superhydrophobic surfaces with various surface energies may be another research hotspot, which have great potential in the biology-related eld. There is undoubtedly a bright future for the development of superwettability textiles and we wish this review could provide some thoughts for potential strategies that will benet researchers and engineers in this eld.
